Anaplastic thyroid carcinoma (ATC) exhibits an exceedingly poor prognosis, and the current treatment options are, for most cases, palliative by nature. Few reports of long-time survivors exist, although in these patients, tumors often were limited to the thyroid and/or regional lymph nodes. We describe a 64-year-old male who developed a rapidly growing mass in the left thyroid lobe. A fine-needle aspiration biopsy (FNAB) was consistent with ATC, and the patient underwent preoperative combined chemo-and radiotherapy followed by a hemithyroidectomy. The ensuing histopathological investigation was consistent with ATC adjoined by an oxyphilic well-differentiated lesion, likely a Hürthle cell carcinoma. Tumor margins were negative, and no extrathyroidal extension was noted. Focused next-generation sequencing analysis of the primary tumor tissue identified a TP53 gene mutation but could not identify any potential druggable targets. Additional Sanger sequencing detected a C228T TERT promoter mutation. The tumor was found to be microsatellite stable and displayed PDL1 expression in 80% of tumor cells. Following a CT scan 1 month postoperatively, metastatic deposits were suspected in the lung as well as in the left adrenal gland, of which FNAB verified the latter. Remarkably, upon radiological follow-up, the disease had gone into apparent complete remission. The patient is alive and well with no signs of residual disease after 12 months of follow-up. We here summarize the clinical, histological, and molecular data of this highly interesting patient case and review the literature for possible common denominators with other patients with disseminated ATC.
Introduction
Anaplastic thyroid carcinoma (ATC) is one of the worst human malignancies in terms of patient survival. Although subsets of patients with localized disease live 5 years following diagnosis, the number of surviving patients with regional spread is even fewer, and less than 3% of cases survive over 5 years if distant metastases are detected [1, 2] . ATC shows a female preponderance, and mostly occur in the elderly (60-70 years) [3, 4] . Treatment options include debulking surgery, either directly or following preoperative chemotherapy and external beam radiation therapy (XBRT). In the case of disseminated disease, systemic treatment with different classes of chemotherapy can be considered. The genetic landscape of ATC has been characterized through both exome-and genome-wide analyses [5] [6] [7] . Although current concepts suggest that subsets of ATCs can arise de novo, the evidence is now mounting that most ATCs derive from pre-existing papillary thyroid carcinoma (PTC) or follicular thyroid carcinoma (FTC), as dictated by genetic analyses suggesting a shared clonal ancestry [6] . Common genetic driver alterations in ATCs include point mutations of the BRAF, NRAS, KRAS, and HRAS proto-oncogenes, and TP53 and TERT promoter mutations have been reported for the majority of cases. Subsets of ATCs are hypermutators with an exceedingly high mutational burden and these cases have been associated to mutations of the mismatch repair gene family (MLH1, MLH3, MSH2, MSH5, and MSH6) (MMR) [5] [6] [7] . Indeed, defective DNA repair mechanisms and genomic instability have been proposed as crucial for the dedifferentiation process in thyroid tumorigenesis [6] [7] [8] .
Materials and Methods

Review of the Routine Cytological and Histopathological Evaluations
The patient was diagnosed by FNAB and histopathological evaluation performed at the Karolinska University Hospital, Stockholm, Sweden. In order to verify the diagnosis, routine cytological preparations of the FNAB from the primary thyroid lesion and the adrenal metastasis were reviewed by an independent cytologist not responsible for the previous diagnosis (MH) . Similarly, routine hematoxylin-eosin-stained sections of representative areas of the primary tumor as well as all immunohistochemical stainings were reviewed by two endocrine pathologists (LSH, CCJ), of which one had taken part in the initial histopathological evaluation (CCJ). In this process, additional immunohistochemical as well as auxiliary genetic analyses were ordered as part of the revision process.
Immunohistochemistry
All immunohistochemical analyses were carried out in our accredited pathology laboratory at Karolinska University Hospital, Stockholm, Sweden, using a Ventana Benchmark Ultra system (Ventana Medical Systems, Tucson, AZ, USA). All stainings were scrutinized via light microscopy by two endocrine pathologists (LSH, CCJ).
Focused Next-Generation Sequencing Screening
The Oncomine Solid Tumor Panel (Ion Torrent S5, Hi-Q Chef; Thermo Scientific) was used to investigate 10 ng of tumor DNA extracted from formalin-fixated paraffin-embedded (FFPE) tissue from the primary ATC tissue. The panel interrogates > 1800 cancer-associated mutations within AKT1, ALK, BRAF, CTNNB1, DDR2, EGFR, ERBB2, ERBB4, FBXW7, FGFR1, FGFR2, FGFR3, KRAS, NRAS, MAP2K1, MET, NOTCH1, PIK3CA, PTEN, SMAD4, STK11, and TP53.
Sanger Sequencing
For TERT, bi-directional Sanger sequencing of the promoter region interrogating the two mutational hotspots C228T and C250T was performed using the Genetic Analyzer 3500, Applied Biosystems, CA, USA [9] , and a conventional protocol in a clinically accredited setting. The same Sanger methodology was used for exons 4 to 8 of the TP53 gene, to verify the mutation found through NGS.
Microsatellite Instability Analyses
MSI status was analyzed using quantitative real-time PCR (qRT-PCR) and the Idylla MSI Assay (Biocartis, Mechelen, Belgium). This assay interrogates seven monomorphic microsatellites (ACVR2A, BTBD7, DIDO1, MRE11, RYR3, SEC31A, and SULF2) and MSI is suggested when mutations in ≥ 2 microsatellites are found.
Case Description and Results
The patient is a 64-year old male with a medical history including hypertension and metformin-treated type 2 diabetes, who developed a rapid swelling of the left thyroid lobe in December 2018. He had no local symptoms of stridor or swallowing problems. A CT scan at this time point showed a 65 × 62 × 60-mm lesion in the left thyroid lobe without apparent invasion to adjacent organs but causing tracheal dislocation ( Fig. 1a, b ). Cytological examination of the left thyroid lobe was performed using ultrasound guidance and four FNABs were undertaken, and the cytology report described enlarged and atypical cells with pleomorphic, hyperchromatic nuclei. Mitoses and necrotic debris were observed. Moreover, oxyphilic cells displaying less evident atypia were also detected. Immunocytochemistry was performed, and the atypical cells stained variable positive for pan-cytokeratin (CKMNF 116), and a proportion of the less atypical tumor cells were also PAX8 positive. TTF1 and p40 were both negative. The diagnosis was consistent with ATC (Bethesda VI). The patient was immediately referred to endocrine surgery where he was planned for pre-operative therapy via the oncology department. A pre-operative combination of chemotherapy (three weekly courses of doxorubicin) and XRBT (3 Gray (Gy) × 15) was administered. Some days after the last XRBT, before surgery, the patient presented with dysphasia where a CT of the brain concluded a minor frontal lobe stroke involving Broca's area, and he was prescribed clopidogrel and atorvastatin. Moreover, the patient developed a Staphylococcus aureus septicemia and was administered intravenous cloxacillin followed by oral flucloxacillin. He was also administered insulin due to fluctuating levels of blood glucose. After this delay, the patient underwent a left-sided hemithyroidectomy, 5 weeks after the initial presentation at the primary care unit.
The left thyroid lobe weighed 124 g and measured 80 × 55 × 40 mm. At the macroscopic grossing, the entire thyroid lobe was replaced by a tumor exhibiting a white-yellowish, compact cut surface with central necrosis and hemorrhages. The pathology report described a lesion built-up by central necrosis and surrounding areas of viable oxyphilic cells growing in follicular and trabecular formations, with enlarged nuclei displaying loose chromatin and prominent nucleoli ( Fig. 2a ). No PTC-associated features were noted. This tumor was labeled as a well-differentiated oxyphilic tumor that could not be further characterized, but believed to represent a Hürthle cell carcinoma of the thyroid, although the capsular structure and tumor circumscription were not entirely defined (a phenomenon which could possibly be explained by the neoadjuvant treatment). Adjoining this tumor component, atypical cells with apparent pleomorphism were growing in compact formations ( Fig. 2b ) exhibiting bizarre nuclei as well as multinuclear and osteoclast-like cells. Other areas displayed spindle cell features ( Fig. 2c, d) . A large number of regular and atypical mitoses were observed, and the tumor was intermingled with a large number of lymphocytes. Morphologically, this tumor component was consistent with an ATC. The tumor had negative surgical margins and did not engage the perithyroidal skeletal muscle (pT3a). Three regional lymph nodes were also sampled, all free from metastasis.
The most crucial immunohistochemical analyses are summarized in Table 1 . In this workup, we pinpointed expression of CKMNF 116, thyroglobulin, TTF1, and PAX8 in the welldifferentiated component, while the ATC component was consistently negative for all these markers apart from focal and weak thyroglobulin and CKMNF116 stainings ( Fig. 2e, f) . Stainings for mutation-specific BRAF (V600E) were negative for both tumor components, as were calcitonin and CD34 (excluding medullary thyroid carcinoma and primary angiosarcoma). The Ki-67 index reached 30% within the ATC component. P53 immunostaining was widely positive, suggesting an underlying TP53 gene mutation within the ATC. Additional markers for malignant melanoma, neuroendocrine tumors, and sarcoma were negative, as were additional pan-cytokeratin markers (OSCAR, AE1/AE3). PDL1 staining displayed a membranous staining pattern in approximately 80% of ATC cells, and PD1 staining was found in a significant subset of tumor-infiltrating lymphocytes, the latter population predominantly consisting of CD3+/CD4+ T helper cells and CD3+/CD8 T killer cells, while CD20+ B cells were in the minority.
NGS analysis of the primary tumor tissue revealed a c. 469G>T (p.V157F) TP53 gene mutation (COSMIC131481), and additional Sanger sequencing of the TERT promoter displayed a C228T mutation (Table 1) . MSI testing using the Idylla Assay proved the tumor to be microsatellite stable (MSS).
The patient was discussed at a multidisciplinary conference where radiological follow-up was recommended. Six weeks postoperatively, radiological examinations showed no evidence of relapse on the neck (Fig. 1d, e ) but did raise the suspicion of metastatic deposits in the lung as well as a 24 × 17-mm growth in the left adrenal gland (data not shown). Because of the high level of PD-L1 expression, the patient was referred to the Centre of Clinical Cancer studies at Karolinska (CKC) to discuss treatment with a checkpoint inhibitor within the context of a clinical trial. An ultrasoundguided FNAB of the adrenal was performed after exclusion of hormonal activity, and the aspirated material mostly consisted of necrotic material and cellular debris. Focally, viable cells with small, hyperchromatic nuclei as well as larger, atypical cells were noted amidst necrotic debris (Fig. 3c, d) . Immunocytochemical investigations showed that subsets of the atypical cells were PAX8 positive. The diagnosis was metastatic ATC. A follow-up CT scan 1 month later showed that the adrenal mass was growing and measured 35 × 30 mm (Fig.  3a, b) .
At that moment, there were no available slots to include the patient in a clinical trial and he was referred back to the thyroid oncologist to initiate palliative systemic therapy. Several weeks later, a new CT scan was performed, which showed no evidence of disease, and the adrenal mass was no longer evident ( Fig. 3e, f) . The lung lesions were reviewed again retrospectively and deemed most probably as having an infectious origin. Ensuing CT scans 7 and 12 months postoperatively were consistent with the preceding and indicated no evidence of residual disease.
Today, more than 1 year after surgery, the patient is alive and well, but closely monitored for eventual signs of relapse.
Discussion
We present a patient with disseminated ATC in complete, spontaneous remission. Although subsets of ATCs can be cured, this is one of very few reports describing a total remission in a patient with a distant metastasis, and to the best of our knowledge probably the first description of such a case in which the metastatic deposit was verified by cytology.
In some studies, clinical predictors such as age < 60 years, lack of extrathyroidal extension, and combinations of XBRT followed by surgical removal of the tumor tissue have been associated with lower cause-specific mortality [4] . Our case mirrors most of these parameters, as the patient did receive XBRT followed by complete surgical excision, and the tumor was localized to the thyroid gland without evident extrathyroidal extension. In a previously published series from WD-ox well-differentiated oxyphilic tumor, ATC anaplastic thyroid carcinoma, IHC immunohistochemistry, n.d. not determined "+" positive, "+/−" focally positive, "−" negative our institution covering the outcome of 59 patients diagnosed with ATC between 1997 and 2010, only four survivors were detected, of which three (5%) were free of metastatic disease at the end of follow-up [1] . These three patients exhibited either regional lymph node metastases (n = 2) or no signs of extrathyroidal spread (n = 1) at diagnosis. The resection status of the primary tumor tissue also varied for these three patients, with one resection being classified as R0 (negative margins), one as R1 (intralesional), and one as R2 (tumor reduction only). As our patient exhibited an adrenal metastasis verified by FNAB, we still lack a credible explanation for the subsequent spontaneous remission, as the patient was not administered any postoperative treatment modalities following the preoperative chemotherapy and XBRT. In the clinical setting, metastatic ATC deposits are often dormant and prone to uncontrollable growth following excision of the primary tumor, a phenomenon that has been described previously [10] , in clear contrast to our case. However, spontaneous regression of metastatic disease following removal of the primary tumor has been described previously as an observed phenomenon in neuroblastoma, thymoma, malignant melanoma, and renal cell carcinoma to name a few [11] [12] [13] [14] . This observation has been described on single occasions for well-differentiated thyroid cancer [15] and for ATC with regional lymph node metastasis [16] , but the mechanism has to our knowledge not been described for ATC with distant metastases. Little is known regarding the underlying processes that link metastases to the mother tumor, but theories regarding elicited immunological response following the primary tumor removal have been proposed. The primary ATC in this report did display widespread PDL1 membranous immunoreactivity within the tumor cell population (80% of tumor cells), and the tumorinfiltrating lymphocytes frequently exhibited PD-L1 expression. Widely speculative, it is still tempting to believe that the removal of the primary tumor burden resulted in a diminished immune cell inhibition, which may have influenced the overall immunological response to the remaining metastatic deposits. Unfortunately, PDL1 immunostaining or other lymphocyte-related immunocytochemical characterizations were not performed on the FNAB verified adrenal metastasis, so we know little about the interaction between the metastatic ATC lesion and the immune system in this case. Interestingly, significant up-regulation of immune-related gene sets in ATCs compared to other thyroid cancer subtypes, including the immune checkpoint markers PDL1, PDL2, and PD1 have been reported [17] . Also, subsets of ATCs harbor gene amplifications of immune evasion genes, further acknowledging the importance of immune regulation in this disease [7] . Indeed, PDL1 immunoreactivity is evident in a subset of ATCs, often displaying strong and widespread expression in approximately 80% of tumor cells-mirroring the findings in our case [18, 19] . The prognostic significance of this expression pattern is, however, not known, and ATC-related studies with PDL1 inhibitors in the clinical setting are scarce [20, 21] , although studies with animal models seem promising [22, 23] .
Our case displayed established mutations of the TP53 gene and TERT promoter, two genes known to be recurrently mutated in ATCs. Interestingly, no other evident driver mutations in cancer-associated genes were detected using a focused NGS approach, and no MSI was observed. As a large subgroup of ATCs either carry BRAF or RAS mutations, the underlying driving event in this tumor remains obscure, and the lack of MSI as well as retained MMR protein expression would suggest that the tumor was not a hypermutator [5] .
Another interesting aspect is the fact that the ATC was adjoined by a seemingly oxyphilic tumor with a microfollicular growth pattern, vaguely suggesting the co-existence of a welldifferentiated tumor. No clear-cut PTC associated nuclear changes were noted, although this could potentially be masked by the preoperative treatment regimes. If the ATC indeed was derived from an oxyphilic follicular thyroid carcinoma (Hürthle cell carcinoma), it is worth mentioning that a significant subgroup of these well-differentiated tumors undergoes spontaneous degeneration following FNAB procedures [24, 25] . However, it is highly speculative to suggest that this feature is transferred to the ATC component. One should perhaps not overlook the potential role of the septicemic event, which the patient developed preoperatively during the neoadjuvant treatment period. Indeed, activation of the immune system through bacterial infections has been suggested as models to engage disseminated malignant tumors [26] . Furthermore, another aspect which could mandate consideration is the patient's metformin treatment, as this drug has been found to act as a negative regulator of the mitochondrial complexes and mammalian target of rapamycin (mTOR) activity, in addition to exhibiting growth-inhibitory properties in thyroid cancer [27, 28] . As mTOR inhibitor treatment of ATCs has shown promising value in both preclinical and clinical settings, the potential influence of metformin to the positive outcome in our patient cannot be fully excluded as a contributing mechanism [29, 30] .
To summarize, we present a rare case of a patient who went into complete remission after a FNAC-verified disseminated ATC. Future pan-genomic characterization of a collection of these patients with exceptional clinical course could potentially identify common genetic aberrancies of value to identify ATC cases with the chance of a potentially favorable outcome.
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